Employing two state-of-the-art methods, multiconfiguration Dirac-Hartree-Fock and second-order manybody perturbation theory, highly accurate calculations are performed for the lowest 272 fine-structure levels arising from the 2s (l = s, p, d) configurations in nitrogen-like Ge XXVI. Complete and consistent atomic data, including excitation energies, lifetimes, wavelengths, hyperfine structures, Landé g J -factors, and E1, E2, M1, M2 line strengths, oscillator strengths, and transition rates among these 272 levels are provided. Comparisons are made between the present two data sets, as well as with other available experimental and theoretical values. The present data are accurate enough for identification and deblending of emission lines involving the n = 3 levels, and are also useful for modeling and diagnosing fusion plasmas. 
Introduction
Spectra of N-like ions with Z = 30 − 36 have received a great attention both experimentally and theoretically, because of their wide applications in fusion plamas [1] [2] [3] [4] [5] [6] [7] [8] . Using high-energy lasers or tokamak discharges, spectra of N-like ions, including Zn XXIV, Se XXVIII, and Kr XXX, have been measured in plasmas [1-3, 5, 9-12] . In regard to N-like Ge XXVI, two M1 transitions (1s S 3/2 − 2 D 3/2,5/2 were identified by Denne and Hinnov [13] . Behring et al. [14] observed nine E1 transition lines of the arrays 2s . Their results were extended by Feldman et al. [2] to 22 lines among the n = 2 levels by axially observing a laser produced plasma.
Experiments can, due to limited resources, never provide complete data sets for these N-like ions. Instead, the bulk of the data must be calculated. Theoretical studies have been performed using different methods [15] [16] [17] [18] [19] , in which excitation energies and transition rates for the n = 2 levels were provided. It is clear that atomic data involving the n > 2 levels are also important because of their wide applications in plasma physics [4, 20] . In view of this, we have provided energy and transition data involving the n > 2 levels for ions from Ar XII to Zn XXIV [21, 22] and Kr XXX [23] . The accuracy of our calculations is high enough to facilitate identifications of spectral lines, and the data are also useful for modeling and diagnosing fusion plasmas.
This work presents our effort for N-like Ge XXVI to provide the database of energy and transition data involving high-lying levels. Based on the multiconguration Dirac-Hartree-Fock (MCDHF) and relativistic conguration interaction (RCI) methods [24, 25] implemented in the GRASP2K code [26, 27] , energy levels, wavelengths λ, line strengths S , oscillator strengths g f , transition rates A, lifetimes τ, hyperfine interaction constants A J and B J , and Landé g J -factors are provided here for the 272 levels of the 2s To assess the accuracy of the MCDHF/RCI data, independent calculations are also performed using the many-body perturbation theory (MBPT) method [28] [29] [30] [31] [32] implemented in the FAC code [33] .
Comparisons are made with other available experimental and theoretical results, and the accuracy of the present data is assessed. Our calculated energies are accurate enough to directly aid and confirm experimental identifications. The present work significantly increases the amount of accurate data for the n = 3 levels.
Calculations

MCDHF
The MCDHF method has been described by Grant [24] and Froese Fischer et al. [25] . Based on the active space (AS) approach [34, 35] for the generation of the configuration state function (CSF) expansions, separate calculations are done for the even and odd parity states. For the even parity states, the CSF expansions are obtained by allowing single and double (SD) excitations from the multi-reference (MR) configurations 2s2p f to an AS of orbitals. In the first step of the calculations, the AS is AS 1 = {1s, 2s, 2p, 3s, 3p, 3d, 4s, 4p, 4d, 4f}.
Results and Discussions
In the relativistic calculations, the ASFs are obtained as expansions over j j-coupled CSFs. To provide the LS J labeling system used by the experimentalists, as well as used in other sources, the ASFs are transformed from a j j-coupled CSF basis into an LS J-coupled CSF basis using the method provided by Gaigalas et al. [47, 48] . The computed excitation energies for all the 272 levels of the 2s Table 1 , along with the radiative lifetimes estimated from E1, E2, M1, and M2 transition rates, and the LS J-coupled and j j-coupled labels obtained from our calculations. Table 2 lists wavelengths, and E1, E2, M1, and M2 line strengths S , oscillator strengths g f , and radiative rates A among the 272 energy levels, obtained from both the MCDHF/RCI and MBPT methods. All the E1 and E2 values are computed in the Babushkin gauge (equivalent to the non-relativistic length form), which is considered to be more accurate than the Coulomb gauge (equivalent to the non-relativistic velocity form).
Excitation energies
In Table 3 , we present the MCDHF excitation energies of the 272 levels as a function of the increasing active set (AS). When the AS is increased from AS k−1 to AS k , see section 2.1 for the definition of the AS, the energy differences ∆E k,k−1 ≡ (E AS k − E AS k−1 ) for each of the 272 levels can be compared. The average absolute differences between the AS k−1 and AS k excitation energies along with the standard deviation are found to be −267 ± 4182 cm , and 25 ± 61 cm −1 for, respectively, k = 2, 3, 4, 5. The MCDHF calculations are thus well converged with respect to an increasing size of the AS. Based on the the AS 5 expansion, including the correlation effects from the 1s 2 electrons, the RCI excitation energies (hereafter referred to as RCI1) are presented in the Table 3 . The correlation effects from the 1s 2 electrons, included in the RCI1 calculations, change the excitation energies by amounts ranging from -3 500 cm −1 to 1100 cm −1 for the AS 5 expansion.
Furthermore, the RCI excitation energies (hereafter referred to as RCI2), including both the 1s 2 electron correlation effects and the Breit and QED effects, are also listed in Table 3 . By comparing the RCI1 and RCI2 results, it is shown that the Breit and QED effects have contributions ranging from -2 300 cm −1 to -31 000 cm −1 to excitation energies, which is indispensable for accurate prediction of energy levels. The individual Breit and QED effects are shown in Figure 1 . It is seen that the Breit corrections are significant, generally lowering the excited levels. . To more clearly assess the Breit and QED effects, we also use the MBPT method to provide the results, i.e., the MBPT1 values (excluding the Breit and QED effects), and the MBPT2 values (including the Breit and QED effects), which are also included in Table 3 . As shown in Figure 2 , their relative contributions (in %) to the MCDHF/RCI2 and MBPT2 excitation energies of all the 272 levels show good agreement. By including the contributions from the Breit and QED effects, excitation energies of the n = 2 and n = 3 levels are reduced by about 0.4 %-2.8 % and 0.03 %-0.21 %, respectively.
As shown in Table 3 , the MCDHF/RCI2 and MBPT2 excitation energies are in very good agreement for both the n = 2 and n = 3 levels. For the n = 2 levels, the absolute difference of the two data sets is within 800 cm . Experimental determinations in the Atomic Spectra Database (ASD) of the National Institute of Standards and Technology (NIST) [49] are available for the n = 2 levels. The agreement of the NIST values and the present MCDHF/RCI2 (or MBPT2) excitation energies is very good, and the absolute difference is within 600 cm . For the remaining levels belonging to the n = 3 configurations, the average absolute difference with the standard deviation of the present MBPT2 and MCDHF/RCI2 excitation energies is −50 ± 462 cm −1 , corresponding to the average relative difference with the standard deviation of −0.0005% ± 0.004%.
Transition rates
Among the calculations [15, 16, 18, 19] of the n = 2 levels for N-like ions, transition data (hereafter referred to as MCDHF/RCI3) reported by Rynkun et al. [19] are the most accurate so far. In Figure 3 , we compare the present two sets of transition rates among the 15 levels belonging to the n = 2 configurations with the MCDHF/RCI3 values. The present two data sets and the MCDHF/RCI3 values are in good agreement, which is within 2 % for most transitions, with the largest difference of 5 %.
According to the uncertainty estimation method suggested by Kramida [50, 51] the averaged uncertainties for the line strengths S of E1 transitions from the present MCDHF/RCI and MBPT calculations in various ranges of S are assessed to be 1.5 % for S ≥ 10 . Accounting also for the contributions from the uncertainty of the wavelengths, about 2.7 % of the E1 transitions included in Table 2 Table 2 . The largest differences between the two sets of results generally occur for transitions with large cancellation effects [43] or weak transitions. For example, as shown in Table 1 5 S 3p 4 P 3/2 ) are strongly mixed. The transitions involving these two levels have large cancellation effects. Even a slight difference in the calculations will lead to a relatively large difference in the computed S and A values, which has been pointed out in our recent work [43] . Most of 4 weak transitions are two-electrons-one-photon transitions. These transitions are strictly forbidden in the single configuration approximation and are induced through configuration interaction effects. Even with today's methods, which allow massive CSF expansions, such transitions are very difficult to compute accurately.
Again, using the method suggested in [50, 51] , the uncertainties of the A values for the M1, E2, and M2 transitions are estimated. The estimated uncertainties for all M1, E2, and M2 transitions are listed in Table 2 .
Lifetimes, Hyperfine interaction constants, and Landé g J -factors
Lifetimes for the lowest 4 excited levels of the 2s 5 S 3p 4 P 3/2 ), for which the differences are 7 % and 20 %, respectively. The large differences are due to the strong mixing of the states as discussed in Section 3.2.
The total energies, A J , B J hyperfine interaction constants and Landé g J -factors for the 272 levels of Ge XXVI calculated using the MCDHF/RCI method are also given in Table 4 . In the present calculations, the nuclear parameters I, µ I , and Q are all set to 1. To obtain the A J and B J values for a specific isotope, the given values can be scaled with the tabulated values. The only available results for the A J , B J constants and the Landé g J -factors are the data for the n = 2 provided by Verdebout et al. [52] . The present results for A J , B J show good agreement, which is within 2 %, with Ref. [52] . The Landé g J -factors, which are known to be insensitive to electron correlation effects, are essentially identical to the ones calculated by Verdebout et al. [52] .
Conclusions
Using the MCDHF/RCI and MBPT methods, energy levels, lifetimes, wavelengths, hyperfine interaction constants, Landé g J -factors, E1, M1, E2, and M2 transition rates, line strengths, and oscillator strengths for the lowest 272 levels belonging to the 2s for the n = 2 levels. For the n = 3 levels, the average absolute difference with the standard deviation of our two data sets is only −50 ± 462 cm −1
. Lifetimes are assessed to be accurate to better than 6 % for most levels. We believe the present data could serve as benchmarks in future line identications, and could make important contributions to modeling and diagnosing fusion plasmas. The MCDHF/RCI2 transiti n rates a The number at the end or inside of the bracket is 2J. 
